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(57) Abstract: 



PURPOSE: A dispersion 
compensating Raman amplifier 
(DCRA) using a depolarizer is 
provided, which obtains a stable 
amplification signal by using the 
depolarizer to remove a 
polarization of a pump light, and 
a hybrid fiber amplifier using the 
same is provided, which 
increases an efficiency by 
combining the dispersion 
compensating Raman amplifier 
with an EDFA(Erbium Doped 
Fiber Amplifier). 

CONSTITUTION: According to 
the hybrid fiber amplifier using a 
dispersion compensating Raman 
amplifier(DCRA)(110), a 
dispersion compensating Raman 
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amplification unit performs a dispersion compensating amplification of an incident 
light signal by making a Raman pump light, whose polarization is removed using a 
depolarizer, be incident in a reverse direction. And a fiber amplifier unit(120) receives 
the light signal amplified through the above dispersion compensating Raman 
amplification unit and then amplifies it again. The hybrid fiber amplifier further 
includes a density inversion improving unit to increase a front density inversion of the 
dispersion compensating Raman amplification unit. 
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s tk*se, s^asr m^Jim o\mm stomal es session sho\m, sjms ^jsi, _^:>im oigora xji>j& e\m 

_§ wdm mm omm. 

CHSE 
E1b 

WDM, 6F0I_^£|H, S^l. DCRA, EDFA, BER, ^^(depolarizer) 

§ Aj| Aj 

ES2J 

s ia mil icb_? waoii mm moisaiEs e^sxisi ?g oiiaie. 
£ id fe e gjgoii oigsh ^ ugAioii 

£ 2a 2b fe S m&Q\\ o\0\*Z\^W e^§tx|2| 0|^2| eg XI 4* ^3 ^3}°J S_0!IA|E. 

£3g£ BtSOII OS ShOIHSJES 8*9X19 BER(Bit Error Rate) It ^§3^| fl» <__^ ^££] SOIIAIE. 

£ 4a 9J 4b S !_-g0ll WB 5lO\*ELZ\^m i^SxIOII 160Gb/s WDM ^_JSI AhgSFOI 160km _J§§ §6H 2CHt_! oioj *H 

kgOil/d^ BER ^HISJ iyOjIAIE. 

* e£°i ^soh mm 

110 : S6ia£J £f°J- g*?| m : gAj S /y. e - 

112 : ^}| 113: r_t==^l 

120 : 0\mmD[ 130 : OiMUJr 

t^soi ^sf_r ^iig §j d sot si S3t?i£ 

^Oil §5^1 ^EorOI Ol^g 2£| 01*21 g5g i^^ahs o^oh^I ^ oH ±^l\m 0\Bm SttStt Em e^l (Dispersion compe 
nsating Raman Amplifier : 01 oF DCRA) §J ^a^aj ^ g»;?|g OlMS^r P^KErbium Doped Fiber Amplifier : 0\o\ EDFA) 

2* ^1^01 or0|«&|Eil §*gx| Oil ><o|CL 



- °° s^JIrr Hf§^l h as(Wavelength Division Multiplexing : 01 ot WDM) A|>_^£| 2j£i§rx|^/H, EDFAM §^j2§ oftf £ 

^ ^1^92 Sif^DI, 0101 &mm£\0\ ZJIM^OI U22 £IC}. 
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EDFA2] §sQj« SD CH Ef§rCH«0| e^tl^AH SE^Jdl CHfh f^8H 

° °° ^ g^lOil CHah mm 0|i=OHI^ 0|g6fe ^(distributed Raman amplifier)^ El°l e^g Ah 

gSK* ^;H2J e^^l^ ^£ohi=r »B (discrete Raman amplifier)^ U^jCf. 

01 ^0t£] ee« 3|£Shr "P. B. Hansen" §01 "Electron. Lett."0f| 1998^011 Bfiff "Raman amplification for loss compensation in disp 
ersion compensating fibre modules" fegUf, 1999^011 S^sf DR 1=5] US 5887093^ (Optical fiber dispersion compensation)^ M ^£ 

& ^^^m am ssi &o^mi 4= °ici^ 32 s xhai°* 201 sick 

8Wieh OPIAi^ 0|£Hs* £tffi#S SttS^i £f££? Sif EDFA2I i^A|?J 3 Oil CH^ 2=?^ Ol^OjXI X| SJ&Cf. SEeh gngo| M{Jls} m 
S £!, Stffi# ^01 §1 S*j6K* ^^ll^o^ SxlOilAj Sj&ei- gjs ^ (X LHb ^qPEE OI^OUIaI 

oi b^o^i s^e e^isi^ m^s] & ^, em gsi sh^s s&ij ^ aictfe §ssi a^^i ci^ 

Qm°£. "Y. Emori" g^ 1998^ » "Electron. Lett. "Oil ttiB "Broadband lossless DCF using Raman amplification pumped by multichan 
nel WOM laser diodes" ^^OIIAj 1435nm ¥E\ 1480nm V[X\ m SJW2\ g5 ^lOIH Cf0|2E 
m Mmo[0\ ^ 50nm£J S«0||/H S^S^f 2il ^go>SO. 

SfXIEh 0| fcgoil/Hfcr 83HU 9hr SH^OI AFgSI&H, 9 dBOI&OI&Ch 01 "P. B. Hansen"£| OlS^XIS BSroMI 

-Ah S Ah §^121= oh 2^ fen, af&t isi 6H^s s»» ^ §se£| A^em omn sack 

DUiafos. "H. Masuda" g£ 1999^ "IEEE Photon. Technol. Lett. H 0|| BSS "Wide-band and gain-flattened hybrid fiber amplifier consist 
ing of an EDFA and a multiwavelength pumped Raman amplifier" CHI AH ^^J\9} EDFAS M&zl oFOI^dlS^ e^^lOil CH 

0| fe^CHI Aife EDFAM Xfl &B ^B0|| ^x|A|3|H, 8. 0km 2} 8.3kmHJ 0| = CH2 ¥ &S| df°} e^^lM EDFA^I^OII 2^6^01 # 3 

bsj moi«diH« m^J\m ^^a^a. e 9^h°i siioith ooisem m§^2, oi^ ijehm Ahea^of 70nm s^oiiah 1 dB 
ui°j oi^e ^aa. 

shxi°>, ^<^s^ ^i^^ eiesixi astn ei^^s ah 3 1 m mm mmti mx\m mo.m ^timsi mE}o\e\mo\ a^qxi %m sjiisoi aiaa. 

£E§h, UiOIIAH 2jg 0l^0| 2iCH 0|*=0| t^St ^ SS ^£0101, ^ &°j EDFA^J 0|^0| feS 3? dfoj- g^^OHAi dl 

oi^l EDi^oil EDFA2J OI^M BD\\ ohXI =6fc ^X^l§£ SiSia. 



^§01 Ol^HIf 5^ ^1^^ 13} XII 

S £>^l ^«IS^ oH^oPI ?foK« oh^g ^o^ f ^a^m gAH^Q!, gn gi ^£6^01 0|^g g^S^ dh°! e^lM CH s 
m^J\2} mmoHH ail ^oj 6h0|^£|^^ g^SXIM Hlgofeai 3 =^0| &[Ch 

SESh, ^ ^™^ ( 01^ A & S^^M SOH^I 9I6H 4:^^l(depolarizer)M A^&o SMi o^sj aj^ S ^ o,^ ^a_v S 



^91 e§H fssi ^6J^M EJ^^OF DAI e^o^l ^tl- §=491 5&olfe ^S21 ohQ 
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£PI CIS = i*goPI flS s gjgoj gxlb, 0|g& g^s^ eie^ §^21 Oil 2iOH/H. 2JA>£| = OI^M ?le* 

S^£l 2*0}PI £^ ^B: ^= ^eOil/d ^Sur df°} 15^1 2<asog S<y^0il 2J»APPI ^tj- 4^B; i! 2JA r £lb g 

gfe&t exg, s Si m SB gt Cfsoj A^jsi- sp . ^ g5H ^ ^oia. 01 oK £SI &3E6f01 S » 

CCfE dH^& SI g At Oil § ^ Ail 61 tf 8»Ch 

£ 1a mxi ic fe s eraoii me o^oi^aiH^ s^sxisi ^ouisoip. 

£ 1a fe S &S0H [Ef^ 8K)l«£l = g S^Sxl£/d, SfLfSj af£f ^ = ^1(110)21 e^l(120)S*2S 

^§ &BS ^?£2I SxlOIDK 

£ 1a Oil £A|S b^2| £J0l, S »ao|| COS o r 0JH£.|Hg ±^PIM OlgSFOI XOsf ^oj AhSSK* 

S# g^M 6PI mm DCRA(110) SJ ^Pl i^l§?Ei grdiSM DAI g=oPI EDFA(120)M S6MBCK 

0PIA1, DCRA(110)£f ^&£|01 &2HI Af§9 EDFA(120)£= 980nm W&9\ 21IOI7H QOIS^^ SSofb ^£010. 

DCRA(110)M EDFA 2M(120)°J g^Oil 9\X\M3\ SfO|^£|H^ S^3IB =?gotO\ 0|=3f &SXI4>B 2 SSjaaH. ^§1^ 

3|£ MgoK* 160km S^*Ji!(£ 3 ft £ 4 SUM 4^o^Cj. 

£PI°| *Jsj0ilA1£r 160Gb/s ^ XI Oil A|-g£|^ 0.8nm &2J2I 16 xH^OI aj^ £>§Jo^ AfrgSISlIQ. EJ^ £r£]S2J AlPlfe 160Gb/s g2 

^ SXI0||/d fl£g»3| EJ^ SAID I g^|o| -7 ~ _ 2 dBm°J e^2^2J -4.5 dBm(-16.5 dBm/ch)0| 2J Q. 

£ 1b £ 1a 21 ^CHlAi ^eXI^M l^^APPI ?|6H 3m §££| 01 §^^(130, Erbium Doped Fiber : 0I6F EDF)M m^J\ <H 

^. £ 1b Oil £A|9 Hh2f ^0|, S ^SOII ED-e 5hOI«£|H^ e^&Xl^, ^BOIIAl ^E^SI eh EDF(130), &OI 

EDF(130)^¥E1 m^B 0\^o[0\ XII ^ SHti Afgo^OI g^M^ 6PI ^|®[ DCRA(110) D 

CRA(110)^^Ei ^<M^M QA| g^oPI EDFA(120)M S^^Cf. 

£ 2 £f £ 4 01IA1 S^OI £ 1b °J £ 1a 21 e^3|2f bl^£[ OI^M SOIH, SMXI^fe 0.7 - 1 .0 dB ^^£I21^CW, 160km 2^ 

A| CHI BER^ £ 1a £1 i§§ M 4- 

£ 1c ^ S ^SOll CCfe ^A^ ^ A| 01IS AH £ 1a SI ^2 Oil AH g^S^ 212} EDFA ^AiM dF£ ?3S0|CK 

5E 1c Oil £A|9 b[9\ ^01, S ^SOil 0>E 6h0|«£|Sg g = £JM£|^ ^<M^M p^oPI EDFA{120) ^ ^^l EDFA020) 

e >ixicN ^si, ^jim oissroi a^^^ x-iiti^ eie> ih^i Mgmoi m^s 

^ 6PI DCRA(110)M SSehQ. 

£ 2 2f £ 4 CHI/H S^0| 0|^ ^ Xfxil^ g^SHIEI xH^Z* 01^2] XfOPI- 2 dB 3>^0| SISlCf. 01^01 e EDFA(120)^h e^3l2| ^B0]| ?lx| 
6rH^ SMXI^^ 2Ef ^SSJ g^^l SCI£ 0.8 dB S^SJSlXI&i". 160km g6H BERg 0.5 dB 0I&2J fiil^EiM 

MSCI. 0|^ DCRA(110)2j EJ^ ^AIPPF Li^ AH d|<y§ ^^0| ^'OjLPI EQI^OICf. 

Ol ^3f0ilA1 M ^ Sl^OI, DCRA(1 10)2f EDFA(120)M oh0|«£|Eg e^^lO||Ai^ DCRA(110)ff EDFA(120)2J SBOII ?|x|API 

i= 30I ^mo\Q. 

£ 1d S ^S0|| CTiM 4i^PIM 0|ge[ DCRA(110)°I ^^A|01| ^^£0|Cf. 
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£ 1d Oil £A|9 dh2f ^0|, g BBOII 0>e ±^}|M 0|gs> DCRA(1 10)i=. 2S«»o S ojAfab ^PJ 0|^g *|eh 2Jg£M SI 

0H2I fl» ^=^1(113), &D\ ±=>D\(\13)0\\M M^31=z S^SBSI »H S5i <m^M gJ^A|3P| ^&3|(112) §J &3| BB3I01 

2)^¥Ei t§^£!i=: at»8SI SH§ £1S<114)B gJAt gd^2l BB810I. 6PI °JAf ^>J^M e^oPI fl» BtfSB a»(111)B 



DCRA(110)b ^JHI°1 WDM & X| Oil Afg£Jb S^^Oil Q\~} g^Sfe* £§(1 11)31 2JPJ §S ^gjo^ Ax 0 |b l}f|2J EDFA 

g 1430nm eilOIX-i Cf0|2£^ 

B BS Oil Alb 1550nm ¥B°J £!£0|| CH6H OI^M ?16H IS &II0IX1 Cj- 

0|2£2| ££M 2EB5K)i e^Jm§OI 1 465-1 470nm^ £j£i| &W& *jo^ 0 |gA|£<a. 

DSIIQ, ejB 0| = 2] gng ag °J^£g SiOH^I ¥loH & W9 0ll/Hb SJOIS! 9(Lyot type) 4:^31(113, depolarizer)M AhgoFSH B 

H^£i sgoii mm oi^a see sioh^i ^sh sssbss bajai«ck 

&e. ems g<ysb b^sb ssdiDon/d s^e^oi oi«xi:n f a:?ioii BB3KH2. coupierm ^xi baib ^Pi 

OI^M ¥|Sh 14)01 &6HXIP*Ai ^l^g ^So^l 3 Of. 

8^X1 Pi, genoj 01 &i ^ yoj. e^^lfe 2-»B BAhBb £>Pi BMS(114)£| @^2g PJ6H OI^OI MPiSolSCh Cf£IAi, PiS^oi gs^joj 
OI^B S BB0||/Hb ^&2I(1 12, coupler)^ XIU3I SSI dfPi BH»(114)B £^21(1 13. depoiarizer)g 3UI£eW Bog^ o|§^oi 

O\D\0\\M, SM(111)g BB812 S5#(114)g OlgohOI »B0|| 2 Be* g>« ^ 01 of EDF(130)0il OI^M $?£EB££M| g 

^31 £ V B°I D d£^3I SXIISI &gXI4*B S>^A|3|£H| © 501 £ 1b 2J ?gO|CK 

£ 2a 31 2b b S BBOII CLf^ ofOI«E|£§ S^S£|2| 01 ^ BSfl<^ B2*S| gJ0j|A|£O|Ch 

^ 2a ^ 2b Oil £A|9 bh2f BOI. B BBOII DJg £ 1a £f £ 1b 2J 0|^g ^«|^ 160Gb/s §X| Oil AFg£j^ 2B 

2] e^^l2l 

OiamOf 3 B^|2| S&l} 2 Oil AH >|2j ^201, SgXI^ 7 dBSSS geH£J 2&h ^^21 g^^|0j| d|oH 1.5-2 dB§£ 3 XI Pi 2^§X|0|| 

/h e^psffe B9i ui2j atoiaa. 

£ 3 S S Oil [Q-M oF0|^£|HS §^§X|2| BERM ^SoPI ^1^ ^^o| gj 0|| A|£0| Cf. 

160km S^^^M £ 3 Oil £A|& &X| Oil AH , ^gOil Ahg@ ^2|oj is^fo x^|CH^ <y ^g=^l(350)2| ^| X\ Oil feOj 
XI 16^H2J 2£ xHy^Oil CHSh BER *§0| Olf-JSCh 

^ii S5H BERM 49& ^IU^h £ 4a » 4b Oil 5EAIEISIQ. 

£ 4a SI 4b b S ^SOII df^ g^^lOil 160Gb/s WDM A^^OI 160km ^gf g6H ^ CH ojoj xH^0ilAi°| BER * 

§ ^J2f2J ^OUAISEOIP. 

£ 3 2J S^AI^OilAi 0|¥Oi2 ^gOilAi, £ 4a SJ 4b Oil £A|9 Uh» BS 0| D2HHb MB Oil A^gSi0 162H xH^ m B2|2| 23H xH^Oil MS 
2|2|2| e^^l^ BER ^gxl^Mi, S ^SOil 0>e £ 1a £ 1b 2| oF0|M£|£^ e^Sxl^ eeH°l 2B =?^S\ e^^lSI b| iflSKM 

^(^^ 23 ^52J e^^!2f dlJUoH ^B2J EDFA^I- SCf 2.^°! ^?52J 6^0|«a|£^ |s§x|^Ai 2B ^3E2| = = ^|CHI ^ 

OI«O0/d BBS ^ BBS B^m BAIM B ^¥^l ££0il £|6H ehgab 20I S BBSI ^l^^ AF^S 5ICHUXI &b Bfl UjOilAl 0< 

an :nxi xi ^, &m ^ s^oi Di^stas= 301 s ^soi ^i^^o^oii/d m^sj xi^e xfoiMi ?jlo\ 501a. 



^S2j S2f 
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^ B WDM §2g Al^g 50II/H ±=*J\m OlgfV OCRAM EDFA2* AFg&ogM] SCf ae» Si ^oi §l 



SE». S 1^8, S^a« £f°J e^^lOil °J^9b BfBJ- giOH^I ¥I5H ±^l(deplorizer)M Af§&o £M1 aq . 0^3 

Si S«I2| 01^8 SS 4* 2lfe Sj»^ SICK ^ - - 

(57) g^j 
1. 

2JA*S ^Jai, ±=>J\m 0\SoW E^i ^IXei" eiSf @n if «gJ^og o. M6 ^ -a^av § s § 6p , o,s[ ^o^ ^cf. 



S^S 2. 

XII 1 &0H 910\M, 



S^S 3. 

XII 2 »0|| SiOJAi, 

y2i fed 

S^XI^M §>^A|9PI ¥|» o\m%Dt ^^^(Erbium Doped Fiber : EDF)°J 3§ sgog 5^ oWI«£.[£g |s^_ 



4. 

e^sa- rn^nm o\mm sfoi^bihs s^sxioii &cnAi, 

^b§ esH mtimm sj^shh. oisatoi xo§> »a ihii 2j»»o S o* MBm m 

OPI ^jSh ^AJ S AK |S ^Cf- 



5. 

XJI 1 & LHXI XII 4 & e Oi^ e[ S0|| 910\M, 
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ITU- 



6. 

XII 5 »0|| 2J01AH, 



£ = £K)IS! ^(Lyot Type) £ =3 1 (de polarizer) £ 2H ^§2§ 6^ 6K)IS£IHS e^SxI. 

7. 

xii 1 er mn uu » g 011= e> soil ?io\m, 

§^ 4^E+^, OisgJI- e^^l (Erbium Doped Fiber Amplifier : EDFA)£J 21 ^iog 5fe 8K)|«£I = S §hx^| 



81 8. 

^AfS^ em oi^e flSh 2J0H3I ^£f- ^= 4,cf; 



9. 

XII 8 »dl 910\M, 

&D\ ±=> EK>IS3 iHLyot Type) ±^ 31 (depolarizer) £] 21 sgog ate 2*B 



IE 1a 



2»Ef 8*31(110) 



DCRA 



SVK120) 



-m- 



, EDFA 



-D 
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5ESJ? 1b 




110 



120 



(EDF) 







. DCRA LE 


] EDFA 



£^ 1c 



IS Id 



120 

□ 1 EDFA m- 



110 

DCRA □ 



OCRA(HO) 



sss aeon, DCFM) 



-m- 



3831(112. coupler) 



BH3K1 H.- 
Raman Pump) 



(113, depolarizer) 
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IS 2a 



22.5 
22.0 
_ 21.5 

GO 

ujr 21.0 
o" 

20.5 
20.0 
19.5 



-D— E-D-E 
"A— D-E 

-*- E-D 




1542 1546 1550 1554 1558 1562 

4 o 1 " (nm ) 



ES 2b 




1542 1546 1550 1554 1558 1562 

(nm) 



2003/1/23 



9 



SE£ 3 



WIPS PIView 3.3.2.0 




2003/1/23 



10 



WIPS PIView 3.3.2.0 



£2 4a 



4b 




-21 



-20 



-10 -18 

**!4I3L(dBm) 




19.5 



1542 1546 1550 1554 
n& (nm) 



1558 1562 
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